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Aluminum electrolytic capacitor 



Field of Invention 
[0001] 

The present invention relates to an aluminum electrolytic capacitor in which 
an open portion of a metal case for accommodating capacitance element impregnated 
with driving electrolyte is sealed with an elastic sealing member to provide high 
reliability with improved airtight performance. 



Background Art 
[0002] 

FIG. 1 is a cross section view of a conventional aluminum electrolytic 
capacitor. In FIG. 1, 11 is a capacitance element, 12 is a metal case for 
accommodating the capacitance element 11 together with driving electrolyte (not 
shown), 13 is an elastic sealingmember for sealing the open portion of the metal 
case 12, 14 and 15 are an anode lead wire and a cathode lead wire from the above 
mentioned capacitance element 11, respectively. 
[0003] 

In the conventional aluminum electrolytic capacitor of the construction as 
described hereinabove, ethylene glycol was often used as the primary solvent with 
an additive of ammonium salt of organic acid as the driving electrolyte which 
is impregnated with the above mentioned capacitance element 11. Also, it was 
most typical that the sealingmember 13 composed of styrene-butadiene rubber 
(SBR) or ethylene propylene rubber (EPM). 
[0004] 

Moreover, in recent years, there are increasing needs for high reliability 
over wider temperature range. This makes it necessary to use r-bu tyro lac tone 
instead of ethylene glycol as the solvent of the above mentioned driving 
electrolyte. As a result, since electrical conductivity of the driving 
electrolyte using ammonium salt of organic acid which is used as the conventional 
electrolytic component is low, it becomes generally popular to use quaternary 
ammonium salt of organic acid. 
[0005] 

Also, the replacement of such driving electrolyte accompanied the use of 



1 



PCT/JP2004/010739 



i sobu ty 1 ene-i soprene rubber, i.e., so-called butyl rubber (IIR) with improved 

airtight performance as the above mentioned sealing member 13. 

[0006] 

For example, patent documents 1 and 2 are known as prior art technical 
document information relating to the present invention. 
[Patent document 1] JP-A-2000-1 73876 
[Patent Document 2] JP-A-2000-1 73877 

Disclosure of Invention 
Problems to be Solved by the Invention 
[0007] 

However, in the conventional aluminum electrolytic capacitor as described 
hereinabove, if a life test is conducted under high temperature or high 
temperature and high humidity on an aluminum electrolytic capacitor made of a 
combination of the sealing member 13 made from butyl rubber (IIR) which is 
excellent in airtight performance and the driving electrolyte comprising 
Quaternary ammonium salt of organic acid as the electrolyte, there encounters 
a problem that the above mentioned driving electrolyte causes an adverse effect 
on the sealing member 13 because the driving electrolyte which is accommodated 
in the metal case 12 together with the capacitance element 11 tends toevaporate 
and dissipate. 
[0008] 

Although it is possible to provide an aluminum electrolytic capacitor with 
low impedance and long lifetime by a combination of a particular driving 
electrolyte and a particular sealing member, there is a problem over the wide 
temperature range, particularly at low temperature (below the freezing point) 
in which airtight performance of the sealing member degrades. 
[0009] 

It is therefore an object of the present invention to overcome the above 
problems of the conventional capacitors and to provide an aluminum electrolytic 
capacitor without degrading airtight performance of the seal ing member at a 
temperature below the freezing point and maintaining excellent reliability. 

Means to Solve the Problems 
[0010] 

In order to solve the above problem, the present invention is an aluminum 
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electrolytic capacitor comprising a bottomed cylindrical metal case for 
accommodating a capacitance element with impregnated driving electrolyte and an 
elastic sealing member for sealing the open portion of the metal case, wherein 
the sealing member is made from ethyl ene-propylene-diene three way copolymer 
rubber (EPDM) containing 30 - 70wt% of ethylene as a primary material and the 
glass transition temperature of the seal ing member is in the range between -70°C 
and -30 X: . The sealing member made from the above mentioned 
ethyl ene-propylene-diene three way copolymer rubber (EPDM) as a primary material 
is excellent in heat resistance and chemical resistance and maintains elastic 
characteristic at a low temperature (below the freezing point). By choosing the 
ethylene content to 30 - 70wtX. it is possible to make the glass transition 
temperature in the range between -70°C and-30°Q thereby specially exhibiting 
the function to improve airtight performance of the aluminum electrolytic 
capacitor at a low temperature below the freezing point 
[0011] 

It is to be noted herein that the sealing member cannot maintain the 
characteristic of the synthetic rubber if the ethylene content of the 
ethyl ene-propylene-diene three way copolymer rubber (EPDM) is chosen to be less 
than 30wt% (i. e. , increasing the propylene content), while providing an improved 
workability but tending to be easily crystallized and thus failing to improve 
airtight performance at a low temperature if the ethylene content is in excess 
of 70wtft Accordingly, it is preferable that the ethylene content is in the range 
between 40 - 60wt5t 
[0012] 

Moreover, if the glass transition temperature of the seal ing member is lower 
than -70*0, the sealing member is inferior in heat resistance and weather 
resistance and exhibiting poor workability. On the other hand, if the glass 
transition temperature is in excess of -30°C, the sealing member becomes poor 
in elasticity and airtight performance at a low temperature. 
[0013] 

Here, the glass transition temperature means the measurements by the 
differential scanning calorimeter (DSC) based on the JIS (Japan Industrial 
Standard) (K7121) and followed its calculation method of the glass transition 
temperature (Teg). 
[0014] 

The diene in the ethyl ene-propylene-diene three way copolymer rubber (EPDM) 
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comprises at least one material of 5-ethyl idene-2-norbornene (ENB), 
di-cyclopentadiene (DCPD) and 1, 4-hexadiene (HD) and the amount is in the range 
between 3 - 6wt& The above mentioned 5-ethyl idene-2-norbornene acts to enhance 
reaction speed and bridging speed of the ethylene-propylene copolymer izat ion and 
the amount is preferably in the range between 3 - 6wt& 
[0015] 

It is to be noted that reaction speed and bridging speed of the 
ethylene-propylene copolymer izat ion are low if the amount of diene is less than 
3wtX t while enhancing unsaturated linkage and thus resulting in decrease in heat 
resistance and weather resistance if the amount of diene is in excess of 6wtft 
[0016] 

The ethylene-propylene -diene three way copolymer rubber (EPDM) is bridged 
with peroxide, thereby excluding any strong oxidizing sulfur component in the 
sealing member and avoiding corrosion of lead wires and deterioration of the 
seal ing member itself. 
[0017] 

Moreover, at least one material as the driving electrolyte is selected from 
ethylene glycol, r-bu tyro lac tone, propylene carbonate, sulfolane and water, 
and at least one electrolytic salt selected from the group of organic acid, 
inorganic acid, ammonium salt of organic acid or inorganic acid, or primary - 
Quaternary ammonium sal t, imidazol iumsal t, imidazoliniumandderivative thereof. 
This enables to eliminate any adverse effect in combining with the seal ing member, 
thereby realizing the aluminum electrolytic capacitor with suppressed reduction 
in airtight performance of the sealing member and with excellent reliability in 
a life test at high temperature or a life test under high temperature and high 
humidity condition. 

Advantages of the Invention 
[0018] 

According to the present invention as described hereinabove, the aluminum 
electrolytic capacitor comprises a bottomed cylindrical metal case for 
accommodating a capacitance element with impregnated driving electrolyte and the 
elastic sealing member for sealing the open portion of the metal case, wherein 
the sealing member is made from ethylene-propylene-diene three way copolymer 
rubber (EPDM) containing 30 - 70wt% of ethylene as a primary material and glass 
transition temperature of the sealing member is in the range between -7(TC and 
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-3(TC, thereby making the sealing member made from ethylene-propylene-diene 
three way copolymer rubber (EPDM) as a primary material excellent in heat 
resistance and chemical resistance and maintaining elasticity of the sealing 
member at a low temperature (below the freezing point). By choosing the amount 
of ethylene in the range between 30 - 70wt3>, the glass transition temperature 
of the sealing member can be in the range between -7(TC and -30*0, thereby 
improving airtight performance of the aluminum electrolytic capacitor at a low 
temperature, in particular below the freezing point. Therefore, the aluminum 
electrolytic capacitor is useful for various types of electronics. 

Brief Description of the Drawing 
[0019] 

[FIG. 1] FIG. 1 is a cross section view of the aluminum electrolytic capacitor 
according to the present invention and prior art 

Description of Notations 
[0020] 

11 capacitance element 

12 metal case 

13 sealing member 

14 anode lead wire 

15 cathode lead wire 



Best Mode of Performing the Invention 
[0021] 

Now, embodiments of the present invention will be described below 
[0022] 

The construction of the aluminum electrolytic capacitor according to the 
embodiment of the present invention is the same as FIG. 1 which shows the 
conventional aluminum electrolytic capacitor. That is, in FIG. 1, 11 is a 
capacitance element which comprises an anode foil of an aluminum foil with a 
roughed surface and formed with an oxidation film by electrolytic anodizing and 
a cathode foil laminated with a separator between the anode foil and the cathode 
foil before being wound. 
[0023] 
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12 is a metal case for accommodating the capacitance element 11 together 
with driving electrolyte (not shown). 13 is an elastic seal ing member for 
sealing the open portion of the metal case 12. 14 and 15 are an anode lead wire 
and a cathode lead wire for respectively leading out of the above mentioned 
capacitance element 11. The sealing member 13 is formed with openings through 
which the anode lead wire 14 and the cathode lead wire 15 extend. By piercing 
the both lead wires 14, 15 into the openings, the sealing member 12 is first 
inserted into the open portion of the metal case 12, and then the open end of 
the metal case 12 is bent inwardly to press onto the seal ing member 13. 
Furthermore, the circumference of the metal case 12 is crimped toward the sealing 
member 13 for seal ing by holding it in position due to elasticity of the sealing 
member 13. 
[0024] 

The above mentioned seal ing member 13 is made fromethylene-propylene-diene 
three way copolymer rubber (EPDM) as a primary material and additives such as 
vulcanizing agent, vulcanizing assisting agent, reinforcing agent,, bulking agent, 
antioxidant and the like are kneaded and then molded to form the seal ing member 
13. 

[0025] 

There is no problem to use butyl rubber (IIR), urethane rubber (U), silicone 
rubber (Q) or chlorosulfuric polyethylene rubber (CSM) together with the 
ethyl ene-propylene-diene three way copolymer rubber (EPDM) to an amount not to 
spoil the property of the EPDM 
[0026] 

In the above mentioned ethyl ene-propylene-diene three way copolymer rubber 
(EPDM), the ethylene content must be in the range between 30 and 70wt& By 
restricting the ethylene content, it is possible to improve elastic property 
specially at a low temperature among many properties which are peculiar to the 
ethyl ene-propylene-diene three way copolymer rubber (EPDM), thereby holding the 
glass transition temperature of the sealing member in the range between -70 °C 
and-30°C As a result, airtight property of the aluminumelectrolytic capacitor 
can be improved at a low temperature below the freezing point. 
[0027] 

In the above mentioned ethyl ene-propylene-diene t hree way copolymer rubber 
(EPDM), the diene component may be 5-ethylidene-2-noruborunane (ENB), 
di-cyclopentadiene (DCPD), 1, 4-hexadiene (HD) or the like, however, 
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5-ethylidene-2-norbornane (ENB) is preferable in terms of enhancing reactivity 

and bridging speed of polymerization with ethylene-propylene. 

[00281 

As the above mentioned vulcanizing agent, sulfur compositions or organic 
peroxide vulcanizing agents can be used. However, since the use of sulfur 
compositions tends to deteriorate the anode lead wire and the cathode lead wire 
extending through the sealing member, it is preferable to use organic peroxides. 
Preferable examples as the organic peroxide vulcanizing agent include dicumyl 
peroxide, 2, 5-dimetyl-2 ( 5-di (t-butyl peroxy) hexane, 2, 5-dimethyl-2, 
5— d i (benzoyl peroxy) hexane, 2, 5-dimetyl-2, 5-di (t-butyl peroxy) hexyne-3, 
di-t-butyl peroxide, di-t-butyl peroxy-3, 3, 5-t rime thy 1 eye lohexane, di-t-butyl 
hydroperoxide and the 1 ike. Among these materials, dicumyl peroxide, di-t-butyl 
peroxide and di-t-butyl peroxy-3, 3, 5-trimethyl cyclohexane are preferable. 
These organic peroxides are normally added in the amount of 0. 1 - 10wt%, 
preferably 2 - 5wt% with respect to 100 wtS> of ethylene-propyl ene-diene three 
way copolymer rubber (EPDM). 
[0029] 

Examples of the vulcanizing assisting agent include auinone dioxime system 
such as p-Quinone dioxime, (meta) acrylic compounds such as ethylene glycol 
dimethacrylate, trimethylol propane trimethacrylate and the like, allylic 
compounds such as diallyl phthalate, trial lyl isocyannate and the like, other 
male imide compounds, divinylbenzene, eta Such vulcanizing assisting agent is 
added to the organic peroxide to be used in the range of 0. 5- 2 mole with respect 
to 1 mole of the organic peroxide, preferably an equal mole ratio. 
[0030] 

Asui table reinforcing agent is, for example, various types of carbon black 
suchasSRF, GPF, FEF, MAF, ISAF, SAF, FT, MT or the like, pulverinized sil icic 
acid, etc. For example, light calcium carbonate, heavy calcium carbonate, talc, 
clay or the like is used as a bulking agent. Such reinforcing agent and bulking 
agent are normally compounded normally 200wt% or less, preferably 150wt% or less 
with respect to lOOwt* of ethylene-propyl ene-diene three way copolymer rubber 
(EPDM). 
[00311 

The present invention demonstrates excellent heat resistance and weather 
resistance without using antioxidant. However, if antioxidant is used, it is 
possible to extend the lifetime of the seal member. Examples of the antioxidant 
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include aromatic secondary amine stabilizers such as phenyl butyl amine and N, 
N'-di-2-naphthyl-p-phenylene diamine, phenol system stabilizer such as 
dibutylhydroxytoluene, tetrakis [methylene -3 (3, 5-di-t-butyl-4-hydroxyphenyl) 
cinnamatel methane and the like, thioether stabilizer such as bis [2-me thyl-4- 
(3-n-alkylthiopropionyloxy)-5-t-butylphenyl] sulfide and the like, 
dithiocarbamate system stabilizer such as nickel dibutyl diocarbamide, etc. 
Such antioxidants may be used solely or in a mixture of two or more materials 
in the range of normally 0. 1- 5wtX, preferably 0. 5- 3wt* with respect to lOOwtX 
of the ethyl ene-propylene-diene three way copolymer rubber (EPDM). 
[00321 

It is also possible to add a processing aid if necessary. Such processing 
aid may be any processing aid which is normally used in processing rubber. 
Examples of such processing aid includehigher fatty acids such asricinolic acid, 
stearic acid, palmitic acid, lauric acid and the like, higher fatty acid salt 
such as barium stearate, calcium stearate, zinc stearate and the like, higher 
fatty acid ester such as ricinoleate, stearate, palmitate, laurate and the like, 
etc. Such processing aid is normally added in the range of lOwtX or less, 
preferably 1 - 5wt5K with respect to lOOwtifc of the ethylene-propylene-diene t hree 
way copolymer rubber (EPDM). 
[0033] 

Used as the above mentioned driving electrolyte is one or more solution 
selected from ethylene glycol, 7-butyrolactone, propylene carbonate, sulfolane 
and water. It is possible to use by adding to the above material one or more 
electrolytic salt selected from organic acid, inorganic acid, ammonium salt of 
organic acid or inorganic acid, or primary - quaternary ammonium salt, 
imidazolium salt, imidazol inium and the derivative thereof. 
[0034] 

The above mentioned organic acid or inorganic acid may be organic acids such 
as formic acid, acetic acid, propionic acid, maleic acid, citraconic acid, 
phthalic acid, adipic acid, azelaic acid, benzoic acid, butyl octanoic acid, 
decanedicarboxylic acid and the like or inorganic acids such as boric acid, 
phosphoric acid and the like. It is also possible to use primary - quaternary 
ammonium salt of these materials. 
[0035] 

Also, examples of the above mentioned imidazolium salt, imidazol inium and 
their derivatives include quaternary imidazolin compounds substituted by alkyl 
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group or arylalkyl group of one carbon through 11 carbons, imidazole compounds, 
benzoimidazole compounds and alicyclic pyrimidine compounds. Concretely, it is 
possible to provide a high electrical conductivity and low loss aluminum 
electrolytic capacitor by using preferably materials such as hnethyl-1, 
8-diazabicyclo [5, 4, 0] undecane-7, 1-methyl-l, 5-diazabicyclo 14, 3, 0] 
nonane-5, 1, 2, 3-trimethyl imidazol inium, 1, 2, 3, 4-tetramethyl imidazolinium 
1, 3-dimethyl-2-ethyl-imidazolinim 1. 3, 4- 1 r ime thyl -2-e thyl imidazolinium, 1, 
3-d ime thyl -2-heptyl imidazolinium 1, 3 -dime thy 1-2- (-3' heptyl) imidazolinium 
1, 3-dimetyl-2-dodecyl imidazolium 1,2, 3-t rime thyl- 1, 4, 5, 
6-tetrahydropyrimidium 1, 3-dimethyl imidazolium and 1, 3-dimethyl 
benzo imidazol inium 
[0036] 

Now, the present invention will be described in greater detail by way of 
embodiments. It is to be noted that composition of the seal member to be used 
in the embodiments is shown in Table 1 and the composition of the driving 
electrolyte is shown in Table 2. 
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[Table 11 



Composition of sealing member (wt$ 
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[Table 2] 



Composition of driving electrolyte (wtW 
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[0037] 

[Embodiment 1] 

Electrolyte A is impregnated with a wound type capacitance element which 
comprises an anode foil and a cathode foil laminated with Manila fiber between 
them and wound by themselves before beingplaced in a bottomed aluminum metal 
case together with a seal ing member A. An aluminum electrolytic capacitor with 
35V in the rated voltage and 2200 #F in capacitance is completed by sealing 
the opening portion of the metal case by a curling treatment. 
[0038] 

[Embodiment 2] 

An aluminum electrolytic capacitor which is the same as the above Embodiment 
1 except the use of a sealing member B as the sealing member is made. 
[0039] 

[Embodiment 3] 

An aluminum electrolytic capacitor which is the same as the above Embodiment 
1 except the use of a sealing member C as the sealing member is made. 
[0040] 

[Embodiment 4] 

An aluminum electrolytic capacitor which is the same as the above Embodiment 
1 except the use of a sealing member D as the sealing member is made. 
[0041] 

[Embodiment 5] 

An aluminum electrolytic capacitor which is the same as the above Embodiment 
1 except the use of a sealing member E as the sealing member is made. 
[0042] 

[Embodiment 6] 

An aluminum electrolytic capacitor which is the same as the above Embodiment 
1 except the use of a sealing member F as the sealing member is made. 
[0043] 

[Embodiment 7] 

An aluminum electrolytic capacitor which is the same as the above Embodiment 
1 except the use of a sealing member G as the sealing member is made. 
[0044] 

[Embodiment 8] 

An aluminum electrolytic capacitor which is the same as the above Embodiment 
1 except the use of a sealing member H as the sealing member is made. 
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[0045] 

[Embodiment 9] 

An aluminum electrolytic capacitor which is the same as the above Embodiment 
1 except the use of an electrolyte B as the electrolyte is made. 
[0046] 

[Embodiment 10] 

An aluminum electrolytic capacitor which is the same as the above Embodiment 
1 except the use of an electrolyte C as the electrolyte is made. 
[0047] 

[Embodiment 11] 

An aluminum electrolytic capacitor which is the same as the above Embodiment 
1 except the use of an electrolyte D as the electrolyte is made. 
[0048] 

[Embodiment 12] 

An aluminum electrolytic capacitor which is the same as the above Embodiment 
1 except the use of an electrolyte E as the electrolyte is made. 
[0049] 

[Embodiment 13] 

An aluminum electrolytic capacitor which is the same as the above Embodiment 
1 except the use of an electrolyte F as the electrolyte is made. 
[0050] 

[Embodiment 14] 

An aluminum electrolytic capacitor which is the same as theabove Embodiment 
1 except the use of an electrolyte G as the electrolyte is made. 
[0051] 

[Embodiment 15] 

An aluminum electrolytic capacitor which is the same as theabove Embodiment 
1 except the use of an electrolyte H as the electrolyte is made. 
[0052] 

(Reference Example 1) 

An aluminum electrolytic capacitor which is the same as the above Embodiment 
1 except the use of a sealing member of the following composition is made. 

synthetic rubber butane rubber (IIR) lOOwtX 

vulcanizing agent zinc oxide 3wtX 

reinforcing agent carbon black 50wt% 
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calcium carbonate 50wt% 

antioxitant phenyl butyl amine 0. 5wt% 

processing aid stearic acid 0. 5wt% 
glass transition temperature 

[0053] (Reference Example 2) 

An aluminum electrolytic capacitor which is the same as the above Reference 
Example 1 except the use of styrene-butadiene rubber (SBR) as the synthetic rubber 
is made. The glass transition temperature of the sealing member was -15°C. 
[0054] 

(Reference Example 3) 

An aluminum electrolytic capacitor which is the same as the above Reference 
Example 1 except the use of an ethylene-propylene rubber (EPM) as the synthetic 
rubber is made. The glass transition temperature of the sealing member was 
-10°C. 
[0055] 

In order to confirm airtight performance of the sealing members in the above 
Embodiments 1- 15 and the Reference Examples 1- 3, airtight measurement results 
at high temperature (105°C) and high humidity (at test temperature 85°C and 85% 
in relative humidity) are shown (see Table 3). Airtight measurement results at 
test temperature -40°C are also shown (see Table 4). 



[Table 3] 

High Temperature Test: sealing performance measurement results of sealing member 

at test temperature of 105°C 
High Temperature High Humidity Test: sealing performance measurement results of 
sealing member at test temperature of 85°C and relative humidity of 85% 

Note in the table that the denominator is the number of test samples and the 
numerator is the number of test samples to have had airtight trouble. 
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[Table 4] 

Low Temperature Test: Airtight measurement result of the seal ing member at test 

temperature of -40°C 
Note in the table that the denominator is the number of samples and the numerator 
is the number of samples to have had airtight trouble. 
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luuunrs 


ouuunrs 


cnnnhrc 
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Embodiment 1 


n /on 
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n /on 
U/ZU 


n/on 
U/ZU 
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n/on 
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U/ZU 


Embodiment 4 


n /on 
U/ZU 


n /on 
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U/ZU 


n /on 
U/ZU 
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U/ ZU 
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n/on 
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0/20 


0/20 


Embodiment 13 


0/20 


0/20 


0/20 


Embodiment 14 


0/20 


0/20 


0/20 


Embodiment 15 


0/20 


0/20 


0/20 


Reference Example 1 


10/20 


14/20 


20/20 


Reference Example 2 
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15/20 


20/20 j 


Reference Example 3 


15/20 


20/20 


20/20 



[0056] 

As understood from the above Table 3 and Table 4, the construction of the 
sealing member of an aluminum electrolytic capacitor with the composition of 
ethyl ene-propylene-diene three way copolymeric rubber (EPDM) containing 30 - 
70wt% of ethylene with glass transition temperature in the range between -70°C 
and -30^ is able to maintain elasticity at both high temperature and low 
temperature and also to prevent any airtight trouble from occurring 
[00571 

On the contrary thereto, in case of the aluminum electrolytic capacitor of 
the Reference Example 1, the use of the seal ing member with the glass transition 
temperature of -48°C is incapable of maintaining elasticity in high temperature 
and low temperature and thus causing an airtight problem in the seal ing member. 
[0058] 
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As described hereinabove, the present invent ion not only restricts theglass 
transition temperature of the seal ing member to the range between -70 and -30°C 
but also chooses the ethylene content to the range of 30-70wt* in the 
ethylene-propylene-diene three way copolymer rubber (EPDM) as a primary 
component. Accordingly, the sealing member maintains elasticity at a high 
temperature and a low temperature, thereby maintaining airtight performance. 
[0059] 

Although- the present invention has been described on the aluminum 
electrolytic capacitor, it is to be noted that similar advantages to the present 
invention can be achieved in any electronic component for sealing a metal case 
with a sealing member, for example, an electrical double layer capacitor. 
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